(Istituto Superiore di Sanita, Rome, Italy), P. VERANI, AND D. BALDUCCI. Assay of interferon activity. Appl. Microbiol. 11:310-314. 1963.-At present there is a lack of standard criteria for the identification and evaluation of activity of antiviral compounds. Interferon was used to explore comparatively several laboratory methods. Interferon was produced in chick embryos and in chorioallantoic membranes suspended in vitro. Evaluation of interferon activity was performed by several methods: (i) percentage of inhibition of plaque-forming units; (ii) hemagglutinin reduction of challenge virus; (iii) titer of cytopathic effect of challenge virus; and (iv) plaque-inhibition test. The suggested methods for measurement are those which express the titer of challenge virus in plaque-forming units or in hemagglutinating units.
This laboratory is involved in the state control of pharmacological and biological products. For several years, this institute has tried to devise standard and reproducible methods for the control of products with antiviral activity.
The methods we used have already been described (Penso et al., 1961a, b) , and the tissue-culture techniques were recently described in a monograph by Penso and Balducci (1962) .
We emphasized the difficulties found in testing in vivo (Balducci et al., 1963) . Such difficulties are obvious, since we lack a pharmacological product for reference.
Thus, we have concentrated on the standardization of tests which are performed in vitro. Interferon was chosen as the antiviral substance, since it contains a certain degree of virustatic activity in vitro.
Since interferon can be purified, concentrated, and lyophilized (Burke, 1961; Zemla and Vilcek, 1961) ,we cannot exclude the possibility that in the future it could be used as a reference product. Then we would be able to compare its activity with that of other products in a way in which it could be expressed as "interferon unit." A fundamental premise is to be aware of each method and of the correlation among these methods. evaluated the interferon titer by reduction in hemagglutinin (HA) production, Wagner (1961) by reduction in production of plaqueforming units (PFU), Vilcek (1961) by inhibition of cytopathic effect, and Porterfield (1959) by plaque-inhibition test.
These methods were performed using several viruses under very different experimental conditions. For this reason, we wanted to consider these four methods of titration on the same interferon preparations and to evaluate whether the differences in titer were due to diversity of4 preparations or to methods of titration.
Because of the nature of our analysis, we limited our study to crude and not concentrated interferon samples.
We referred to the two more commonly used methods of production in fowl species: suspension of chorioallantoic membranes (Isaacs, Lindenmann, and Valentine, 1957) ' and intra-allantoic inoculation of eggs (Wagner, 1960) .
MATERIALS AND METHODS Production. Interferon A was obtained after intraallantoic inoculation of 104 ElDro influenza virus type A Australia/57 in 11-day-old chick embryos. After a 72J hr incubation period, allantoic fluid was harvested and dialyzed against 20 volumes of citric acid-phosphate buffer (pH 2) overnight at 4 C, then against Earle's balanced salt solution at pH 7.8 (two changes), and finally cenitrifuged at 13,000 X g for 30 min. The supernatant was used as interferon. < Interferon B was obtained from influenza virus type A Australia/57 purified by hemagglutination and elutioni. A total of 10 ml of 107 EID50 per ml of suspension was irradiated for 90 sec in a petri dish (150 mm diameter) rotated at a distance of 15 cm from an ultraviolet light (30-w Philips germicidal lamp). The petri dish was changed after 45 sec. No infectivity at all was detectable after irradiation. Ten chorioallantoic membranes of 12-day-old chick embryos, 50 ml of Earle's balanced salt solution, and 0.5 ml of irradiated virus were placed in a flask and shaken at 37 C for 48 hr. After centrifugation at 1,000 X g for 30 min, the supernatant was dialyzed against 20 volumes oM citric acid-phosphate buffer (pH 2) overnight at 4 C, against Earle's balanced salt solution (pH 7.8, two changes), and finally centrifuged at 13,000 X g for 30 min. The supernatant was used as interferon. Inactivated calf serum (2 %) was added as a preservative.
Both interferons were distributed in small volumes and kept at -30 C.
Evaluation of interferon activity as reduction by PFl of challenge virus (referred to as percentage of control titer). The cellular system used for this evaluation consisted of chick embryo cells which were prepared by trypsinizing chick embryos (10 to 12 days old); 500,000 cells per ml 310 '4 on January 18, 2018 by guest http://aem.asm.org/ Downloaded from of medium were used for seedinig 60-mm petri dishes. Gey-tris(hydroxymethyl)amiiiomethane (tris) buffer (Porterfield, 1960) , with 5 % calf serum and 1 % chick embryo extract added, was the growth medium. The agar medium consisted of a twofold concentration of Gey-tris buffer, with 5 % chick embryo extract and 10 % of a 1 % neutral red solution added to an equal volume of 3 % Special Agar (Noble) obtained from Difco. The challenge virus was Chikungunya virus.
After 24 hr of incubation at 37 C, the growth medium was removed and replaced with serial dilutions of interferon in growth medium. Each interferon dilution was inoculated into eight petri dishes. After a further 24-hr incubation period at 37 C, the fluid was removed, and each petri dish was seeded with 0.5 ml of a virus dilution containing 50 to 100 PFU. Adsorption for 2 hr at 37 C was followed by addition of 6 ml of agar overlay medium. Xpproximately 48 hr later, the plaques in each plate were couiited and the means of eight plates for each dilution were determined. The significance of the difference betweeni the means of interferon dilutions and control was calculated for each titration. Interferon activity was evaluated as the reduction of the number of plaques produced by the virus, and it was expressed as percentage of the control. A 50 % reduction was always confirmed as Ktatistically significant.
Evaluation of interferon activity as HA reduction of challenge-virus (referred to as percentage of control titer). The cellular system consisted of 20-mg (wet weight) pieces of egg chorioallantoic membranes (10 to 13 days old). Earle's balanced salt solutioin (pH 7.0) was used as medium; khallenge virus was myxovirus parainfluenzae type 1 strain Sendai.
The pieces were put in culture tubes with 1 ml of each interferon dilution. Six tubes per dilution were kept at 37 C for 24 hr in a roller drum. The interferon was removed and 106 EID5o of virus were added. After a further 48-hr incubation period at 37 C, the fluids were titrated individually for their HA content. The geometric mean of HA titers, expressed as log 2 units, was calculated for each interferon dilution, and interferon activity was expressed as a percentage of the geometric mean HA titer of the corresponding control. The significance of the difference between the means of interferon dilutions and control was calculated for each titration. A 75 % reduction was always confirmed as statistically significant.
Evaluation of interferon activity as number of tubes protected from cytopathic effect of challenge virus. Trypsinized "chick embryo cells, which were prepared as previously 4lescribed and cultured in stationary tubes, made up the cellular system. The growth medium consisted of Gey's salt solution supplemented with 5 % of a 5 % lactalbumin hydrolysate solution and 10 % calf serum. The challenge v-irus was myxovirus parainfluenzae type 1 strain Sendai.
After the growth medium had been removed, the inter-of incubation, the interferoni was replaced with 100 TCID5Q of the challenge virus. Evaluation of the interferon activity was deduced by the number of tubes protected from the cytopathic effect. Plaque-inhibition test. For the cellular system, trypsinized chick embryo cells, prepared as previously described, were seeded on glass plates (200 by 300 mm). The growth and agar media were as described for the PFU reduction evaluation, except that 1.8 % Special Agar (Noble) was used in the agar medium. The challenge viruses were Chikungunya and Western equine encephalitis viruses.
When the cell sheet was confluent, the growth medium was discarded, and the virus was inoculated to give complete destruction of the culture. After 2 hr of adsorption at 37 C, a thin layer of agar medium was added to the plates. They were kept at room temperature for 30 min, after which small metallic cylinders (0.80 by 10 mm) were placed upon the agar, and 100 ml of agar medium were then added. When solidification occurred at room temperature, the cylinders were removed and 0.15 ml of each sample of undiluted interferon was inoculated into each hole. After a further incubation period, the area of inhibition of cell destruction was measured. This area represented the interferon activity.
RESULTS
Production of interferon was obtained by two different methods; for each method three preparations were made. Each of the six preparations, with the exception of the first, was titrated twice with all four activity tests.
Interferon activity as PFU of challenge virus Chikungunya. The activity unit was chosen as the dose capable of reducing by 50 % the number of plaques of the control. Such reduction was shown to be statistically significant. If the results, expressed as a percentage of the control, were plotted graphically against the log doses on the abscissa, they tended to form a straight line from which the "dose 50" could be obtained. With interferon samples obtained from chick embryo, the dose was 1:56 for preparation 1, 1:300 for preparation 2, and 1:74 for preparation 3 (Table 1) .
Because of the high value obtained with preparation 2, we made a third titration which gave complete viral inhibition. We then conducted a fourth titration, extending the interferon dilutions to 1:300 and 1: 1,000, which gave a reduction of 53 and 95 %, respectively, of PFU of the control. Graphically, we chose the 1:300 dilution as dose 50 of this preparation. With interferon samples obtained from chorioallantoic membranes, this dose was 1:54 for preparation 4, 1:11 for preparation 5, and 1:2 for preparation 6. On the whole, a greater concentration of the active component was found in the samples produced in eggs. The two titrations of preparation 6 showed too great a variation to be valid, but unfortunately we could not repeat the test owing to exhaustion of the batch. Probably VOL. 11, 1963 311 feroii dilutions in 199 medium were added. After 24 hr BALDUCCI, VERANI, AND BALDUCCI the unequal distribution of a small quantity of the active component in the medium was responsible for this result. Evaluation of interferon activity as HA reduction of challenge virus (Sendai). If the results of these tests (Table 2) , expressed as a percentage of the control, were plotted against the log doses, they tended to form a straight line, and the activity unit could be calculated. In such cases, it has been expressed as the dose capable of reducing by 2 log 2 units, corresponding to 25 % of the control titer (75 % reduction), the HA titer of the corresponding control. With the interferon samples produced in chick embryo, doses of 1: 13 for preparation 2 and 1:10 for preparation 3 were obtained. With the interferon samples obtained from chorioallantoic membranes, we observed no statistically significant reduction at the lowest dilution used, with the exception of two titrations (one in the fifth and one in the sixth preparation). Graphically, we obtained the dose 25 for each sample; these were 1:2 for preparation 4, 1:1.5 for preparation 5, and 1:1 * Expressed as per cent of control titer. t Each value corresponds to the mean of plaques in eight petri dishes. The significance of the difference between the mean values of interferon dilutions and control was calculated. A 50% reduction was significant.
t Each value corresponds to the mean of the mean values of the first and second titrations (total of 16 petri dishes counted). branes 4 * All tests made on preparation 4 were negative for all dilutions., Except for the dilutions shown, all tests done on preparations 5 and 6 were also negative. for preparation 6. A greater concentration of the active component obtained from interferon type A was also confirmed by this method of titration.
Evaluation of interferon activity as number of protected cultures from cytopathic effect of challenge virus Sendai. ,Samples obtained from eggs gave titers of 1:5 and 1:8 (dose which protects 50% of the cultures) as shown in Table 3 . The activity of preparation 3 was also challenged with Western equine encephalitis virus, giving a titer of 1:13. With samples obtained from chorioallantoic membraines, the inhibiting activity has not been detected. , Plaque-inhibition test. Despite repeated titration of each sample, such a test did not show any inhibiting activity. In previous reports (Porterfield, Burke, and Allison, 1960) , it was stated that areas of inhibition of cell destruction were seen if samples were concentrated 10 to 100 times. Our study was carried out with crude samples only.
Correlation among methods. The aim of our study was based on an attempt to standardize the activity unit of interferon for each method of titration. Therefore, the relationship among various methods was taken into consideration. Thus, a statistical method of correlation was used to determine whether the two variables (values obtained with two methods of titration) had a tendency to vary accordingly. '-The coefficients of correlation were calculated in the PFI and HA methods; these turned out to be significant for the two batches produced in eggs. It was then appropriate to attempt to estimate one value of one method of titration from a knowledge of the corresponding value of the other method by the regression coefficient (Snedecor, p1950) . Figure 50 of PFU corresponds to the dose 45 of the HA. This confirms the greater sensitivity of the PFU test over the HA test, where generally the limit of significance corresponds to dose 25. The coefficients of correlation for all three batches prepared from chorioallantoic membranes were not significant. This may be due to the lack of significance of the results of the HA test for these preparations. Correlation between cytopathic effect and HA tests, and between CPE and PFU tests, obtained with paired values of the respective tests did not show significant correlation coefficients, probably for the reason explained above.
DIscussION
Analysis of our results shows that the PFU test is the most sensitive for the detection of even low concentrations of interferon.
The HA and cytopathic effect tests are precise but less sensitive. We were unable withthese latter to show activity, at least with the dilutions used, with preparations obtained from chorioallantoic membranes. In conclusion, interferon is a biological product which can be lyophilized, has a wide virustatic spectrum, and can be used as a reference product for the screening of antiviral substances. The suggested methods of titration are those which express the titer of challenge virus in PFU or in hemagglutinating units. In our experience, a correlation between the two methods exists.
